Abstract. Rivai RR, Wardani FF, Devi MG. 2015. Germination and breaking seed dormancy of Alpinia malaccensis. Nusantara Bioscience 7: 67-72. Alpinia malaccensis belongs to the ginger family, Zingiberaceae, and is generally propagated by vegetative organs. Seed propagation is needed in order to improve the quality of plants through crossbreeding. The hard testa and small endosperm are the main problems in seed germination. The objectives of this research were to determine the best media for germination and method for breaking seed dormancy of A. malaccensis. The research was conducted at the Seed Conservation Laboratory, Center for Plant Conservation Bogor Botanic Gardens. A Completely Randomized Design with three replications was used, and the two treatment factors were different germination media and the methods of breaking seed dormancy. Results showed that cocopeat was the best media for increasing A. malaccensis germination rate one month after planting, whereas the method of wounding the testa or soaking the seed in water with a temperature of 75 o C for 5 minutes showed the highest rate of A. malaccensis germination after three months of planting.
INTRODUCTION
Zingiberaceae, the ginger family, contains many high potential medicinal herbal plants known throughout the world (Chudiwal et al. 2010; Sharma and Pegu 2011; Verma et al. 2011; Hanh et al. 2014; Sahoo et al. 2014) . Alpinia malaccensis is one such species often utilized for medicinal purposes due to its antioxidant content (Sahoo et al. 2012) . A. malaccensis also contains 3.5% of essential oils, mainly in the form of methyl cinnamate (Setyawan 1999; Ma'mun 2006; Riyanto et al. 2012; Muchtaridi et al. 2014) .
Plant species in the genus Alpinia are often used as ornamental plants in the form of cut flowers. The increase in consumer demand for fresh cut Alpinia flowers is expected to lead to the development of larger flower size, longer flower stalks and red colored petals (Sunarmani et al. 2011) . Given the extensive benefits offered by this species, it is necessary to develop new cultivars through cross or mutation breeding.
A. malaccensis is often bred through vegetative propagation (Yunira 2009 ). Zingiberaceae produces flower throughout the year, but only about 8% are successful enough to bear fruits (Aswani et al. 2013) . One major obstacle that is being tackled by breeders is the limited amount of information about the effectiveness of seed as a propagation material, knowing that multiplication by seeds using crosses is essential in the development of superior types.
The thick testa and small endosperm result in a low germination success rate for A. malaccensis seeds (Setyawan 1999; Yunira 2009; Aswani et al. 2013 ). According to Yunira (2009) only 6.67% of A. malaccensis seeds had germinated three months after being planted in rice husk charcoal medium. This study focuses on finding the best type of media and the proper method of breaking A. malaccensis seed dormancy.
MATERIALS AND METHODS
The experiment was conducted at the Laboratory of Seed Conservation, Center for Plant Conservation Bogor Botanic Gardens, Indonesian Institute of Sciences (LIPI), for three months (October 2014 -January 2015 . Seeds were extracted from mature A. malaccensis fruit in the Bogor Botanic Gardens collection grown in Vak XII.B.III.92. The types of medium used in the experiment were sand, rice husk charcoal, cocopeat and compost.
The study mainly focused on two factors: germination media and methods for breaking A. malaccensis seed dormancy. The effects of these factors were analyzed using a completely randomized factorial experimental design with four levels of germination media as the first factor and three levels of the method used for breaking seed dormancy as the second factor. The germination media were described as follows: (M1) sand, (M2) rice husk charcoal, (M3) cocopeat, and (M4) compost. Tested methods for breaking seed dormancy were: (S1) heating, (S2) without wounding testa (control), and (S3) wounding testa.
There Fruit and seed characteristics were described by direct observation. Fruit characteristics observed included the number of fruits per cluster, ripe fruit skin color, weight and diameter of the fruits. Seed characteristics measured included the number of seeds per fruit, color, weight, length and width of seeds. The internal structure of seeds was observed using a binocular microscope.
Seed moisture content (MC) was calculated with Constant Oven Temperature methods outlined by Draper et al. (1985) :
where M1: the weight of the sowing container, M2: the seed and the sowing container weight before drying, and M3: the seed and the container weight after drying.
The heating treatment was carried out by soaking the seeds in warm water (75 0 C) for 5 minutes, and the wounding treatment was done by cutting a small portion on the end of hard seed testa without injuring the embryo inside (Kristiaty and Putri 2008; Rodrigo et al. 2012; Yuniarti et al. 2013; Astari et al. 2014) . The four different germination media were individually sterilized with hot water before being used in the sowing containers with perforated bottoms. Twenty seeds of A. malaccensis were planted in each container after the media had cooled. There were 3 replicate containers for each of the 3 seed treatment in each of the 4 media types. Planting the seeds of A. malaccensis in the sand and compost (1: 1) media was also conducted to determine the germination pattern. The entire experiment was kept under paranet shade of 55%.
Observations on the germination rate, germination rate coefficient, germination time (initial and final day), coefficient of uniformity of germination, and seedling growth were carried out every three days. The germination rate was calculated by a formula used by Draper et al. (1985) :
where R= Germination Rate; n= seeds germinated, N= seeds that were treated to germinate. The germination rate coefficient was calculated by using the formula: where x: germination rate coefficient, n: seeds germinated, t: day when the seeds germinated. Seedling growth was observed by measuring height with a ruler for every week.
Observations of the microclimate such as pH and relative humidity of the media, light intensity, wind speed and temperature were made at the beginning of the experiment. Measurements of fresh and dry weight of seedlings, epicotyl and radicle length, quantity and color of leaves and chlorophyll were performed at the end of the experiment (three months after planting). The dry weight measurements were conducted by placing three seedlings from each treatment combination in the oven with a temperature of 60C for 72 hours. Determination of leaf color was based on the Royal Horticultural Society color chart and the chlorophyll content of seedling leaves was measured using the chlorophyll content meter opti-sciences CCM 200 plus.
RESULTS AND DISCUSSION

Fruit and seed characteristic
A. malaccensis fruit bunches consisted of 13-20 furry golden fruits (Figure 1a) . Immature fruits were green and turned yellow when ripe. The fruit broke into three parts when pressed (Figure 1b) . Ripe fruit weight ranged from 5.20 to 11.68 g and the diameter ranged from 0.24 to 0.30 cm. Each fruit contained 20-53 black seeds with white arils ( Figure 1c) ; with seed length of 3.00 to 5.61 cm, width of 1.50 to 3.65 cm, and weight of 7.10 to 8.40 g per 100 seeds. The testa was thick and hard. The white perisperm was also thick, and surrounded the endosperm that was attached to the embryo (Figure 1d ). According to Setiawan (1999) , the base of the seed has a plug that connects the embryo with the aril that will be discharged during the germination.
Seedling growth pattern
Seedling growth of A. malaccensis began with the breakdown of the testa and the emergence of the radicle (root candidate) approximately 2-3 weeks after planting. Along with the lengthening of the radicle, the growth of the creamy white epicotyl penetrated the surface of the media around 3-4 weeks after planting. Cotyledons remained under the surface of the media (hypogeal). As the epicotyl grew it changed its color to green. The first leaves appeared about 5-6 weeks after planting (Figure 2 ).
Germination capacity and seedling height
A. malaccensis seeds germinated under the paranet (55%) with microclimate state at an average daily temperature of 33.8 ° C, 48.9% relative humidity 48.9%, light intensity 11186.67 lux, and wind speed 0.87 m/sec. The seed moisture content was about 35.02% (calculated without extracting water content of aril seed layer). Further investigation is required to determine the viability of the storage system for seeds as plant conservation material in seed banks. Table 1 shows the significant influence of the media on germination and initial seedling height as well as pH and RH of the media. The method of breaking seed dormancy significantly affected the final germination rate, the initial and final day of germination and initial seedling height. There was an obvious interaction between the media and methods of breaking seed dormancy on the initial seedling height. 
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Initial germination was observed one month after sowing the seed. Table 2 shows that the seed germination rate of A. malaccensis was best on cocopeat. Almost all media tested had a neutral pH, but cocopeat was more acidic than sand, rice husk charcoal and compost. Cocopeat had moderate moisture content (74.44%). Similar research conducted by Utami et al. (2006) stated that ramin seed (Gonystylus bancanus) had the highest percentage of germination in cocopeat media. Yuniarti et al. (2013) also mentioned that using cocopeat was the best for germination of Acacia crassicarpa. Cocopeat is obtained by extracting the fiber from coconut shells, and has high porosity, water holding capacity and C/N ratio which make it suitable for germinating tropical plants.
Seeds of A. malaccensis are more adaptive to media with medium high or low moisture content. Sand and rice husk charcoal have good aeration and drainage, but low water holding capacity and therefore seeds do not absorb water optimally for the imbibition process.
According to Copeland and McDonald (2001) , imbibition is the process through which water enters the seed. Water that enters through this process then activates gibberellin which activates the germination activity by breaking up the nutrients in the cotyledons. The embryo begins to grow by utilizing the nutrient reserves from the endosperm and perisperm. The radicle will appear and penetrates through the testa due to cell elongation and cell division. This indicates that the radicle has started to grow.
Final germination rate was observed when there were no more seeds germinating three months after planting. Table 3 showed that the method of breaking seed dormancy by soaking the seeds in water temperature of 75°C for 5 minutes and by wounding the testa were significantly better than the control. The initial and final days of germination were faster by injuring the testa because the testa became more permeable to water and air. According to Yunira (2009) , water that is absorbed accelerates the imbibition process and speeds the germination process; however, injury to the testa may cause the endosperm to rot.
Breaking seed dormancy by immersion in hot water and wounding the testa have been tested before. Kristiaty and Putri (2008) found that wounding the testa was the best method to break seed dormancy of kedawung (Parkia javanica). Soaking the seeds in boiling water (100°C) is not recommended because it resulted in cell death, leading to low germination percentage. Rodrigo et al. (2012) explained that the method of breaking seed dormancy by soaking Elettaria cardamomum seeds in water temperature of 50°C for 30 minutes was too long. Yuniarti et al. (2013) and Astari et al. (2014) proved that wounding the testa was the best method of breaking seed dormancy and improving the germination of Acacia crassicarpa and Mucuna bracteata. Table 4 shows that there was influence of the media, breaking seed dormancy methods and its interaction with initial seedling height of A. malaccensis. A. malaccensis seedlings at 4 weeks after planting on charcoaled rice husk soaked water temperature of 75°C for 5 min and wounding the testa had a low initial height than other treatment combinations. Unlike the seedlings grown on rice husk without dormancy breaking treatments had higher initial seedling height than most other treatment combinations. 
Seedling characteristics
Seedling characteristics were observed 3 months after planting. Table 5 shows that the germination medium significantly affected the radicle length, color and leaf chlorophyll content. Seedling radicles grew longer on rice husk charcoal and cocopeat (Table 6 ). Both media had porosity and high water holding capacity, allowing for improved root growth and development.
The type of compost used in this study was Bioposka, which is processed from organic waste from the Center for Plant Conservation Botanic Gardens LIPI. Bioposka is composed of 0.04% P 2 O 5 , 0.17% K 2 O, 9374 ppm Fe, 555 ppm Mn, 21 ppm Cu, Zn 85 ppm and 30 ppm B. The the leaf color of seedlings germinated on the compost media was dark green, darker than others that were grown in sand, rice husk charcoal and cocopeat (Figure 4) . This result was supported by the high chlorophyll content of A. malaccensis seedling leaf in compost media.
A. malaccensis seed had the highest percentage of germination on cocopeat media one month after planting (18.33%). Breaking seed dormancy by means of wounding the testa or soaking seed in water at 75 ° C for 5 minutes gave the highest percentage of germination three months after planting (34.58% and 38.75%).
Further research is proposed to improve the germination of A. malaccensis using various media mixtures and chemical stimulants to break the seed dormancy.
